Avianpox is a highly contagious disease infecting both commercial and wild birds, causing great damages to breeders and breeding. Caused by DNA viruses of the family Poxviridae, genus Avipoxvirus, if manifest through 3 forms, cutaneous, diphtheric and septicemic. In June 2003, during illegal commercialization of Brazilian birds, 800 wild birds (Paroaria dominicana, Sporophila caerulescens and Sporophila albogularis) were apprehended and being forwarded to the CRAS (Wild Animals Recovery Center), Tietê Ecological Park. After one month, birds presented cutaneous lesions in the beak and feet and anorexia, emaciation, locomotion difficulties, diarrhea, dehydration and death. Among the 800 birds, 500 died and 40 these (15 Paroaria dominicana, 15 Sporophila caerulescens and 10 Sporophila albogularis) were sent to the Electron Microscopy Laboratory of the Biology Institute of São Paulo, SP, to investigate viral agents. Scabs and fragments of skin lesions collected of theses birds were processed for transmission electron microscopy utilizing negative staining (rapid preparation), resin embedding and immunocitochemistry techniques. Under the transmission electron microscopy in all the analyzed samples it was visualized two types of poxvirus particles, M form, with regular spaced thread-like ridges comprising the exposed surface, measuring 280 x 230 nm; C form or stain-penetrated particle showing the dumbbell-shaped core surrounded by the outer envelope, measuring 360 x 330 nm. In the ultrathin sections obtained, three types of intracytoplasmic inclusion bodies were encountered: type A or Bollinger body, outlined by membrane, containing in its interior a great number of mature particles, measuring 200 x 300 nm, revealing the inner dumbbell-shaped core, two lateral bodies and an external envelope. In the type B electron dense inclusions bodies, viral particles budding of dense amorphous material were observed. Fibrillar inclusions constituted by groups of fibrils or lamellae were disposed in groups witch vary from 2 up to 5 e sometimes showed cross striations. A great number of vesicles, on the average measuring 1000 x 650 nm, containing in its interior granular material were also visualized. The nuclei were deformed and showed a marginalized chromatin. In the immunocytochemistry technique, the antigen-antibody was strongly enhanced by the dense gold particles over the viruses.
INTRODUCTION
Avianpox is an infectious contagious disease affecting domestic and wild birds and transmitted by the poxvirus etiologic agent (Reed & Schrader, 1989; Yoshikkawa & Alam, 2002) , members of the genus Avipoxvirus, subfamily Chordopoxvirinae, family Poxviridae (Bolte et al., 1999; Van Riper & Forrester, 2007) . The virus has linear doublestranded DNA genomes that vary from about 260 to 309 kbp and encode 260 putative genes. The thickness and density of the outer layer is consistent with one lipid membrane bilayer, the outside of which appears corrugated because of irregular protrusions extending 3 to 5 nm. The internal structure consists of a dumbbell-shaped core and aggregates of heterogeneous material called lateral bodies between the concavities and the outer membrane (Moss, 2007) .
The hystopathological analysis presented infected cells characteristically containing large acidophilic intracytoplasmic inclusions called "Bolinger bodies" (Greenacre, 2005) .
The clinical expression of the disease varies according to the viral strain, susceptibility of the host and the mode of transmission (Ensley et al., 1978) . This transmission involves insects as vectors, the direct contact with aerosols between infected and susceptible birds, the ingestion of contaminated food or water, and contamination by semen (Metz et al., 1985; Ritchie & Carter, 1995) . The infections are most common during later summer and autumn when mosquitoes are more prevalent (Ritchie et al., 1994) .
This disease occurs particularly in tropical and subtropical countries (Reed & Schrader; Yoshikkawa & Alam) . There are three forms of avianpox, cutaneous or dry pox, diphtheric or wet pox, and septicemic. The cutaneous form is the most common and is characterized by nodular proliferative skin lesions on the unfeathered parts of the body, such as eyelids, beak, legs and feet, and in some cases, papules in the peri and infraorbitalis regions, nose, sinus and tongue causing dyspnea or dysphagia. In the diphtheric form, fibronecrotic lesions occur in the membranes of the, upper respiratory tract and esophagus. An acute onset of ruffled plumage, somnolence, cyanosis and anorexia characterize the septicemic form. In the diphtheric and septicemic form a high mortality is observed. Birds can be affected with two forms of the disease at one time. Avian of any age are considered susceptible, although young are most frequently affected (Ritchie et al.) .
Avianpoxvirus is one the largest viruses in size and detected worldwide in all species of poultry and in more than 200 species of birds (Bolte et al.; van Riper & Forrester) . The frequency of cases reported has recently increased and involves newly affected birds species, indicating this virus is emergent (Friend et al., 1999) .In Brazil, the occurrence of the disease in Passeriformes is rarely related and has been described in Gnorimopsar chopi, Saltator atricollis, Carduelis magellanica, Paroaria coronata and Saltator similis (Catroxo et al., 2006 Melo et al., 2007 Melo et al., , 2008 Oliveira et al., 2008) .
Although the illness is controlled for vaccines in commercial bird raising, it is still considered economically expressive (Luschow et al., 2004; Weli et al., 2004) .
Transmission electron microscopy is an effective instrument to detect poxvirus in clinical samples. (Nitsche et al., 2006) , allowing to identify these agents in various avian species (Docherty et al., 1991; Ostrowski et al., 1995; Weli et al.; Gülbahar et al., 2005; Catroxo et al., 2006 Catroxo et al., , 2008 Melo et al., 2007 Melo et al., , 2008 .
Due to lack of data in the literature, the aim of this study was to identify the presence of avian poxvirus in scabs and skin lesions of wild birds (Paroaria dominicana, Sporophila caerulescens and Sporophila albogularis) using transmission electron microscopy techniques.
MATERIAL AND METHOD
Description of the outbreak. In June 2003, during illegal commercialization of Brazilian birds, 800 wild birds (cowledcardinal, white-throated seedeater and double-collared seedeater) were apprehended and being forwarded to the CRAS (Wild Animals Recovery Center), Tietê Ecological Park. After one month, birds presented cutaneous lesions in the beak and feet, anorexia, emaciation, locomotion difficulties, diarrhea, dehydration and death. Among the 800 birds, 500 died and 40 of these (15 cowled-cardinal, 15 whitethroated seedeater and 10 double-collared seedeater) were sent to the Electron Microscopy Laboratory of the Biology Institute of São Paulo to investigate viral agents. Scabs and fragments of skin lesions collected of these birds were processed for transmission electron microscopy utilizing negative staining (rapid preparation), resin embedding and immunocytochemistry techniques.
Negative staining technique (rapid preparation).
In the negative staining the scabs and fragments of skin lesions were suspended in phosphate buffer 0.1 M, pH 7.0. Drops of the obtained suspension were placed in contact with metallic copper grids with carbon stabilized supporting film of 0.5% collodium in amyl acetate. Next, the grids were drained with filter paper and negatively stained at 2% ammonium molybdate, pH 5.0 (Brenner & Horne, 1959; Hayat & Miller, 1990; Madeley, 1997) .
Resin embedding technique.Thin slices of scabs and fragments of skin lesions were fixed in 2.5% glutaraldehyde in 0.1M, pH7.0 phosphate buffer and pos-fixed in 1% osmium tetroxide in the same buffer. After dehydration in cetonic series, the fragments were embedded in Spurr resin (González-Santander, 1969; Luft, 1961) . Ultrathin sections were cut on the LKB ultratome and mounted on copper grids. The sections were stained by combination of uranyl acetatelead citrate (Watson, 1958; Reynolds, 1963) .
Immunocytochemistry technique.
At the immunolabeling technique with colloidal gold particles for negative staining, the copper grids were placed in contact with viral suspension and, after removing excess with filter paper, the same were put on specific primary antibody drops. After successive washings in PBS drops, the grids were incubated in protein A drops in association with 10 nm gold particles (secondary antibody). Grids were then contrasted at 2% ammonium molybdate, pH 5.0 (Knutton, 1995) . Observations were made in a Philips EM 208 electron microscope, at 80 kV.
RESULTS
Among the 40 analyzed animals, all of them (100%) presented in feet, and occasionally in beaks, small yellowishbrown proliferative nodules or scabs of different sizes, characteristic of cutaneous form (Fig. 1, arrow) .
Negative staining technique (rapid preparation).
Under the transmission electron microscopy in all the analyzed samples two types of poxvirus particles were visualized, the M form, with regular spaced thread-like ridges comprising the exposed surface (Fig. 2, big arrow) , measuring 280 x 230 nm and the C form or stain-penetrated particle showing the dumbbell-shaped core (Fig. 2, minor arrow) surrounded by the outer envelope (Fig. 3, arrow) , measuring 360 x 330 nm.
Resin embedding technique. In the ultrathin sections obtained, three types of intracytoplasmic inclusion bodies were encountered. The type A or Bollinger body (Fig. 4) , outlined by membrane, containing in its interior a great number of mature particles (Fig. 4, arrow) , measuring 200 x 300 nm, revealing the inner dumbbell-shaped core (Fig. 5 , big arrow), two lateral bodies (Fig. 5 minor arrow) and an external envelope (Fig. 5, blue arrow) . In the type B electron dense inclusions bodies, viral particles budding of dense amorphous material were observed (Fig. 6, arrow) . Fibrillar inclusions constituted by groups of fibrils (Fig. 7, big arrow) or lamellae (Fig. 7 , minor arrow) were disposed in groups varying from 2 up to 5 and sometimes showed cross striations. A great number of vesicles, on the average, measuring 1000 x 650 nm of diameter, containing in its interior granular material were also visualized (Fig. 8, arrow) . The nuclei were deformed and showed a marginalized chromatin (Fig. 9, arrow) .
Immunocytochemistry technique. In the immunocytochemistry technique, the antigen-antibody interaction was strongly enhanced by the dense gold particles over the viruses (Fig. 10, arrow) . 
DISCUSSION
In the present paper, it was observed in feet of the 40 (100%) examined Passeriformes of the Paroaria dominicana, Sporophila caerulescens, Sporophila albogularis species, the presence of nodular proliferative and crusted lesions, characteristics of avianpox lesions, unlike some researches reporting the presence of these lesions in only 2% up to 50% of Passeriformes of different species (Trapp, 1980; Senar & Conroy, 2004; Smits et al., 2005; Catroxo et al., 2006; Oliveira, et al.) . Other authors also noted this lesion in the bird feet (Goodpasture & Anderson, 1961; Trapp; van Riper et al., 2002) eyes, eyelid, crest, beak, ceroma, head, nostrils, neck, legs, wings and abdomen (Alfalluji et al., 1979; Wingate et al., 1980; Docherty & Long, 1986; Docherty et al., 1991; Reed & Schrader; Raidal et al., 1996; Deerm et al., 1997; Kreuder et al., 1999) in other birds.
Symptoms like lack of appetite, weight lost, difficulties of locomotion, diarrhea, dehydration and death were seen in all the samples. Similarly, these symptoms were described in species various (McDonald et al., 1981; Gerlach et al., 1998; Ostrowski et al.; Fitzner et al., 1985; Kreuder et al.; Catroxo et al., 2006; Oliveira, et al.) . Other clinical signs as blindness, blepharitis, conjunctivitis, rhinitis, depression, dyspnea, lethargy, hypothermia and pneumonia were also reported (McDonald et al., 1981; Boosinger et al., 1982; Nuttal et al., 1985; Raidal et al.; Kreuder et al., 1999; Krone et al.; Medina et al., 2004; Greenacre; Gulbahar et al.; Pledger) .
The transmission electron microscopy technique was the elected method to diagnose poxvirus in clinical samples of scabs and skin lesions due to rapid and easy preparation to detect these agents (Fenner et al., 1992; Nistche et al.) and others agents causing vesicular diseases (Hazelton & Gelderblom, 2003) .
By the negative staining technique it was possible to observe that all samples presented a great number of poxvirus particles. In studies with different avian species, the virus was observed in fragments of skin lesions by means of the same technique (Tantawi et al., 1981; Allwrigth et al., 1994; Terragino et al., 1999; Weli et al.; Gulbahar et al.; Catroxo et al., 2006) .
Our findings by the resin embedding technique showed type A or Bollinger intracytoplasmatic inclusion bodies, containing oval, mature or complete viral particles, measuring on the average, 330 x 260 nm, revealing an inner dumbbell-shaped core in accordance with other authors (Thiele et al., 1979; Cox, 1980; Wingate et al.; Mc Donald, et al.; Fitzner et al.; Nuttal et al.; Sadosiv et al., 1985; Reed & Schrader; Deerm et al.; Kreuder et al.; Kim et al., 2003; Smits et al.; Beyut & Haligür, 2007) .
In addition, the observation of immature intracytoplasmatic particles, budding of a dense amorphous material, or type B inclusion body corroborate with other findings in the literature (Purcell et al., 1972; Thiele et al.; Sadosiv et al.) . Fibrillar intracytoplasmatic inclusions, constituted by groups of fibrils or lamellae, disposed in groups varying from 2 to 5, occasionally showing cross striations are in accordance with the reports on swinepox (Bersano et al., 2003; Teppema & Boer, 1975) , the latter mentioning intranuclear inclusion bodies.
Regarding identification of deformed and marginalized chromatin nuclei and the great number of vesicles measuring, on the average, 1000 x 650 nm, containing granular material on its inner part, were also described by Bersano et al. in cases of swinepox.
The immunocytochemical technique by staining contrast showed positive antigen-antibody interaction with colloidal gold particles enhancing poxvirus agents, confirming the results of the above mentioned techniques. In other experiments with avianpox cases and swinepox, poxvirus particles were enhanced by this technique (Bersano et al.; Catroxo et al., 2006; Melo et al., 2007; Oliveira et al.) . Proliferation of mosquitoes in the Ecological Park of Tietê, during the summer season, possibly contributes to the appearance of this outbreak in this place. Also, sucking insects, such as mite and others may propagate the disease. Gustafson et al., 1997) .
Prophylactic measures to combat vectors, such as insect window screens, pulverization with insecticides in the raising of birds and isolation of sick birds was proposed by Ritchie et al. (1994) .
Stress was described as the main agent responsible by activation of latent infection (Greenacre, 2005) . Animals victims of illegal commerce were submitted to varied stress factors.
Avianpox has a worldwide distribution. In Brazil it occurs sporadically in free flying birds, however there is no study in the literature reporting the occurrence of this virus in the three studied strains (Paroaria dominicana, Sporophila caerulescens, Sporophila albogularis).
In this research, detection of poxvirus in these birds by means of transmission electron microscopy allowed to adopt prophylactic and control measures during the outbreak and, it shows the need of a frequent surveillance to detect new cases of avian virus carriers, the protection and preservation of these free flying birds and/or those under threat of extinction and avoiding dissemination of viruses among raising and commercial chicken farms preventing possible economic losses. 
RESUMEN:
Avianpox es una enfermedad altamente contagiosa que infecta tanto aves comerciales como aves silvestres, causando grandes daños a lo ganadería y a la crianza. Causados por los virus de ADN de la familia Poxviridae, género Avipoxvirus, se manifiestan a través de 3 formas, cutánea, diftérica y septicémica. En junio del 2003, durante la comercialización ilegal de aves brasileñas, 800 aves silvestres (Paroaria dominicana; Sporophila caerulescens; Sporophila albogularis) fueron capturadas y remitidas al CRAS (Centro de Recuperación de Animales Silvestres), Parque Ecológico de Tietê. Después de un mes, las aves presentaron lesiones cutáneas en el pico y las patas, anorexia, adelgazamiento, dificultades de locomoción, diarrea, deshidratación y muerte. 500 de las 800 aves murieron, 40 de éstas (15 Paroaria dominicana, 15 Sporophila caerulescens y 10 Sporophila albogularis) fueron enviadas al Laboratorio de Microscopía Electrónica del Instituto de Biología de São Paulo, SP, para investigar agentes virales. Costras y fragmentos de lesiones en la piel de estas aves fueron recolectadas y se procesaron para microscopía electrónica de transmisión utilizando tinción negativa (preparación rápida), incrustación de resina y técnica inmunocitoquímica. Bajo la microscopía electrónica de transmisión en todas las muestras analizadas se encontraron dos tipos de partículas de poxvirus, Forma M, con espacios regulares como hilo que abarcan toda la superficie expuesta, midiendo 280 x 230 nm; Forma C o partícula teñida por penetración mostrando núcleo en forma de pesa rodeado por una envoltura externa, que medía 360 x 330 nm. Se encontraron en secciones ultrafinas, tres tipos de cuerpos de inclusión intracitoplásmica: el tipo A o cuerpo de Bollinger, esbozado por la membrana, que contiene en su interior un gran número de partículas maduras, que miden 200 x 300 nm, revelando núcleo interno en forma de pesa, dos cuerpos laterales y una envoltura externa. En el tipo B, cuerpos de inclusiones electrodensas, fueron observadas partículas virales brotando de material amorfo de alta densidad. Las inclusiones fibrilares, constituida por grupos de fibrillas o láminas estaban dispuestas en grupos que variaban de 2 a 5, mostrando estriaciones cruzadas. También fueron observadas un gran número de vesículas, con un promedio de 1000 x 650 nm, conteniendo en su interior material granular. Los núcleos estaban deformados mostrando una cromatina marginal. En la técnica de inmunocitoquímica, la reacción antígeno-anticuerpo estaba altamente aumentado por las densas partículas de oro sobre los virus.
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